, who visited the outpatient clinic with the complaint of tinnitus and who completed a physical examination, medical history survey, questionnaire survey for measuring subjective discomfort due to tinnitus, and underwent full-scale audiometry. Patients with ear infection (e.g., otitis media, myringitis, mastoiditis), previous ear surgery, a history of trauma, uncertain history, or vague manifestations of tinnitus were excluded from the study. Acute tinnitus was defined as symptom duration less than 3 months and chronic tinnitus as symptom duration longer than 3 months. Patients with subacute tinnitus patients who experienced tinnitus from 3 weeks to 3 months were considered to have Clinical and Audiologic Characteristics of Tinnitus in Subjects Aged <65 and ≥65 Years OBJECTIVE: This study compared the characteristics of tinnitus, by audiologic tests and questionnaires, in older and younger subjects.
INTRODUCTION
Tinnitus is an auditory phantom sensation, in which noise can be heard even in the absence of external sound stimuli. It has been estimated that one-third of the population experiences tinnitus at least once in his or her lifetime, with an overall prevalence of about 20%. The 1999 The -2004 United States National Health and Nutritional Examination Survey (NHANES) estimated that the prevalence of tinnitus was 25.3% [1] , whereas the 2009-2011 Korea National Health and Nutrition Examination Surveys (KNHANES) estimated a prevalence of 19.7% [2] . Because the number of older persons in the population is increasing rapidly, and as younger people become increasingly exposed to industrial and recreational noise, the prevalence rate of tinnitus is expected to further increase [3] .
Although tinnitus can occur at any age, its prevalence has been reported to be higher in older than in younger individuals. Tinnitus is the second most commonly reported ear problem, after hearing loss, but it is seldom recorded in clinical databases. Age-related cochlear degeneration in animals may be associated with hearing problems observed in patients with tinnitus. Tinnitus accompanying hearing loss caused by presbycusis has been described as presbytinnitus acute tinnitus. Patients with conductive hearing loss were excluded if they had any abnormality on impedance audiometry or physical examination. Patients were divided into two groups, a younger group (aged <65 years) and an older group (aged ≥65 years); the cutoff of 65 years was chosen because this is the threshold for senior citizens in Korea.
All patients underwent a detailed physical examination at their first visit, along with a history taking that included demographic characteristics, occupation, the laterality and duration of tinnitus, and accompanying symptoms. Each subject was administered three questionnaires: the Tinnitus Handicap Inventory (THI), the Beck Depression Inventory (BDI), and a Visual Analog Scale (VAS) of discomfort from tinnitus. Audiologic examinations included pure tone audiometry (PTA), tinnitogram, auditory brainstem responses (ABR), distortion product otoacoustic emissions (DPOAEs), and transient evoked otoacoustic emissions (TEOAEs). The study protocol was approved by the Institutional Review Board of Medical Center.
Tinnitus Handicap Inventory (THI), Beck Depression Inventory (BDI), and Visual Analog Scale (VAS)
The THI, which assesses the degree of subjective discomfort associated with tinnitus, includes three sub-scales, functional, emotional, and catastrophic, with a total of 25 questions. Each item was recorded as "no" (0 points), "sometimes" (2 points), and "yes" (4 points), with scores added to calculate the total score. The BDI, which is used to measure depression, consists of a total of 21 questions, each scored from 0-3 points, with a total of 0-63 points. The reliability and validity of these Korean versions has been established previously. [5, 6] Tinnitus-associated discomfort was scored from 0 to 10 on a VAS, and a face pain scale was used to enhance patient understanding.
Pure tone audiometry (PTA)
Pure tone audiometry examines air conduction and bone conduction at 125, 250, and 500 Hz, and at 1, 2, 3, 4, and 8 kHz. PTA scores were calculated using a six-part partition method, using the formula [(500 Hz+[2×1000 Hz]+[2×2000 Hz]+4000 Hz)/6]. Subjects were categorized into six audiologic configurations: high frequency gently sloping (HFGS), high frequency steeply sloping (HFSS), flat, low frequency ascending (LFA), mid-frequency U-curve (MFU), and mid-frequency reversed U-curve (MFRU). Patients who could not be classified into any of these configurations were regarded as "not categorized, " and those who fit into two or more configurations were defined as the "overlap" group [7] . In subjects who complained of bilateral tinnitus, each ear was analyzed separately. Patients with asymmetric hearing disturbance, defined as a ≥30 dB difference between the two ears, were excluded. Subjects with C5-dip were defined as those with most severe hearing loss at 4 kHz and an auditory threshold more than 10dB HL lower at 8 kHz than 4 kHz [8] .
Tinnitogram
All patients underwent tinnitography to evaluate the direction of tinnitus, pitch, and loudness. Residual inhibition (RI) and minimum masking level were also measured. On tinnitus pitch tests, patients' individual sound characteristics were categorized into four groups, according to Korean onomatopoeia of tinnitus [7] : (1) Auditory brainstem responses (ABR), distortion product otoacoustic emissions (DPOAEs), and transient evoked otoacoustic emissions (TEOAEs) ABR tests were performed to assess damage to the cochlea, outer hair cells, subcortical region of the brain, and the eighth cranial nerve. Six items on the ABR were measured: I latency, III latency, V latency, I-III IPL (interpeak latency), III-V IPL, and I-V IPL [9] . DPOAE and TEOAE were also performed to determine the function of outer hair cells [10] . DPOAEs were categorized based on responses to 1, 2, 3, 4, and 6 kHz, and response or non-response at each pitch was recorded. TEOAE was categorized by signal-to-noise ratio (SNR) at 1, 1.5, 2, 3, and 4 kHz, with normal defined as an SNR >3 dB [11] . "
Statistical Analysis
Normality test was done by Shapiro-Wilk W test. Categorical variables were compared by chi-squared tests and continuous variables by Student's t-tests. Normality was tested using the Shapiro-Wilk W test. All statistical analyses were performed using SPSS 20.0 software, with a p value <0.05 considered statistically significant.
RESULTS
Of the 258 patients, 199 were aged <65 years (younger group), and 59 were aged ≥65 years (older group) ( Table 1 ). The mean ages of subjects in the younger and older age groups were 48.60±12.419 years (range, 18-64 years) and 69.53±4.091 years (range, 65-81 years). There were no significant differences between the groups in sex, laterality, associated symptoms, and pitch (p>0.05). The rate of chronic tinnitus, which had persisted for at least 3 months prior to study participation, was significantly higher in the older than in the younger group (p<0.05). Higher percentages of the older than of the younger group were unemployed (retired) and housewives (p<0.05). The average THI, BDI, and VAS scores were lower in the older group, although sensitivity to tinnitus did not differ significantly in the two groups (p>0.05 each, Table 2 ).
Pure tone audiometry showed that more than 80% of subjects fell into three patterns-Flat, HFGS, and HFSS-regardless of age. Data from affected ears showed that HFSS was significantly more frequent, while Flat and HFGS were significantly less frequent, in the older than in the younger group (p<0.05, Table 3 ). Rates of C5-dip, indicative of noise-induced hearing loss, were similar in the two age groups ( Table  3) . The percentage of patients with sensorineural hearing loss and an average threshold shift >25 dB in PTA was significantly higher in the older group (p<0.05).
Tinnitogram analysis showed that loudness was significantly higher in the older group (p<0.05), whereas pitch did not differ significantly (p>0.05). ABR analysis showed that V latency was shorter in the younger group (p<0.05, Table 4 ). The older group showed lower responses at every frequency on DPOAE (p<0.05, Table 5 ) and lower SNR at every frequency on TEOAE (p<0.05, Table 6 ). We summarized the differences between the younger and older age groups (Table 7) .
DISCUSSION
As the number of senior citizens increases, so do rates of tinnitus and presbycusis [12] . The most common cause of tinnitus is hearing disturbance, and patients with tinnitus may present with other clinical manifestations, such as dizziness and ear fullness [13, 14] .
The incidence of chronic tinnitus was significantly higher in the older than in the younger group (p<0.05). Unlike younger patients, who tend to be evaluated soon after developing symptoms, older patients are more likely to be evaluated much later. In contrast to young patients, who recognize tinnitus as a disease and visit hospital promptly upon recognition of its onset, most elderly patients did not regard the symptoms of tinnitus seriously unless they caused serious discomfort, and they only visited hospital when the condition had developed into a chronic state.
Patient medical history should include occupation [15] . This study therefore evaluated patients' jobs when they first visited the hos- pital, with occupations categorized as industrial, service/sales, military, office work, student, and others. Of the subjects aged ≥65 years, 72.4% were unemployed (retired) or housewives, indicating that they were not directly exposed to noise at the time of hospital visit. However, their previous occupations were not recorded. Rates of C5 dip, which is related to noise-induced hearing loss, were similar in the two groups. C5 dip showed a threshold at 4 kHz, almost at the beginning of noise-induced hearing loss, and affects adjacent frequency areas as patients are continuously exposed to noise. In comparison, presbycusis shows a greater decrease in hearing threshold around 8 kHz. In some patients, noise-induced hearing loss shows a specific threshold shift around 4 kHz, whereas presbycusis shows a threshold shift around 8 kHz. In most patients, however, both noise-induced hearing loss and hearing loss due to aging (presbycusis) occur at high frequency, making them hard to differentiate [8] . Using the C5 dip standard, there was no significant difference between the two groups in rates of hearing loss due to noise exposure. Nevertheless, determining a patient's previous occupation may provide insight into the relationship between exposure to noise and tinnitus. This study found that over 90% of the patients with tinnitus could be classified into three audiologic configurations: HFSS, HFGS, and flat type. Since previous studies yielded similar results, these three groups were compared, while excluding patients with other audiologic configurations [7, 16] . The higher rate of HFSS, indicating a threshold shift at high frequency, and the lower rate of HGFS in the older group were not unexpected.
Although previous research compared the psychological aspects of tinnitus in younger and older subjects [17] , to our knowledge, no comparative studies performed to date have evaluated audiological configuration based on PTA data. Moreover, none had analyzed the details of noise-induced hearing loss, tinnitus pitch, and auditory tests such as ABR, TEOAE, and DPOAE and their correlation with occupational history.
Presbycusis is thought to be caused by degeneration of the stria vascularis of the inner ear [18] . If tinnitus is accompanied by a physiological transition caused by hearing loss, ABR is needed to evaluate the reaction of the cranial nerve, and DPOAE is needed to evaluate functions of outer hair cells. ABR can be used to assess electronic transitions in the auditory nerve and auditory tract. Newborn babies show a long V wave, which becomes similar to that in adults within approximately 18-24 months after birth. Women >50 years were found to have a shorter V wave latency than younger females [19] , although other studies reported that age had little effect [20] . Our ABR results indicated that only V wave latency differed significantly in the two age groups, a difference that may be due to aging, not to tinnitus characteristics caused by aging.
Abnormal TEOAE results have been reported in 85% of tinnitus patients [21] , and case-control studies comparing patients with and without tinnitus found that abnormalities on TEOAE and DPOAE were significantly more frequent in patients with than without tinnitus [10] . DPOAE has also been associated with hearing loss [22] . Because DPOAE reflects auditory status at mid and high frequencies, as well as being related to audiometric thresholds, it is useful in predicting hearing loss. The relationships between subjective tests, such as PTA and tinnitogram, and objective tests, such as ABR, TEOAE, and DPOAE, makes the latter necessary, in conjunction with subjective tests and questionnaires, when testing the severity of tinnitus and hearing ability in older aged patients. Also, despite there being no audiographic abnormalities, abnormalities could be found in ABR and OAE tests, making objective tests necessary for more precise evaluation.
Previous studies found no age-related differences in depression or subjective tinnitus severity accompanying hearing loss [17] . Our tinnitogram analysis found no differences in pitch, but the older group showed higher average loudness. We also found that THI, VAS, and BDI were higher in younger than in older patients, but the differences were not statistically significant. Tinnitus in older aged patients likely accompanies high frequency hearing impairment caused by presbycusis, suggesting adaptation to tinnitus that occurred much earlier in time. Because chronic tinnitus is much harder to cure, it requires precise and active evaluation.
Analysis of the data showed that the hearing threshold was increased in the older group with tinnitus at all frequencies compared to the younger group with tinnitus, leading us to think that SNHL affected the outcomes. In addition, since all subjects in this study were patients with tinnitus, it is difficult to confirm the prevalence of tinnitus according to SNHL. Further research that would compare data between the groups with and without tinnitus according to age is needed.
This study had several limitations. First, its retrospective, cross-sectional design precluded inclusion of follow-up data from initial evaluation to recovery. Second, because previous occupation was not recorded, exposure to noise could not be evaluated. Third, the small numbers of patients with LFA, MFU, and MFRU prevented evaluation of these configurations as a function of age. Fourth, there were no control groups, consisting of age-and hearing-threshold-matched older and younger individuals without tinnitus; thus, the differences observed between the two groups of tinnitus patients may have been due to age alone.
CONCUSION
The clinical manifestations of tinnitus and audiological results differ between older and younger subjects with tinnitus.
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